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MASS SPECTROMETRY AND MASS
SPECTROMETER USED FOR THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to 1on attachment mass spec-
trometry and a mass spectrometer for measuring, 1n a frag-
ment-free state, an object to be measured contained in a
sample, and particularly to 1on attachment mass spectrometry
and a mass spectrometer for measuring, 1n a fragment-iree
state, an object to be measured contained 1n a sample that
discharges areducing gas or a sample that contains a reducing
gas.

2. Description of the Related Art

In the mass spectrometry, the molecule of an object to be
measured contained 1n a sample 1s 10nized, and after that, 1ons
are Iractionated according to mass (imass number) by an elec-
tromagnetic technique to measure the intensity of each 1on.
The 1oni1zation part of the front half 1s called the 1onization
section (1onization apparatus), and the mass fractionation part
of the latter half 1s called the mass spectrometry section (mass
spectrometer). The mass spectrometry occupies a position of
representative technique of instrumental analysis methods
because of high sensitivity, accuracy thereot, or the like, and
1s utilized 1n such a wide range of fields as material develop-
ment, product inspection, environmental research and bio
study. In many of these, the spectrometer 1s used 1n a state
connected to such a component separation device such as a
gas chromatograph (GC), and there are such problems that the
component separation requires the purification of a sample,
and that such a long time as several ten minutes 1s necessary
by the time the component separation 1s completed. In addi-
tion, there are such problems that an object to be measured
contained in a sample may be changed in quality or lost 1n the
component separation, deep knowledge and experience are
necessary for the component separation, or the like.

Consequently, for the purpose of promptness, ease and
high accuracy, a “direct measuring method,” 1n which mea-
surement 1s performed by a mass spectrometer alone without
being connected to a component separation device, 1s also
used.

There are some kinds of 1onization apparatuses for use in
the “direct measuring method”, having a principle and struc-
ture significantly different from one another, and an 1on
attachment mass spectrometer has such advantage as capable
of performing mass spectrometry of a gas to be detected

without the generation of dissociation. Previously, Hodge
(Analytical Chemistry vol. 48, No. 6, P825 (1976)), Bombick

(Analytical Chemistry vol. 56, No. 3, P396 (1984), Fuju
(Analytical Chemistry vol. 61, No. 9, P1026 (1989) and Japa-
nese Patent Application Laid-Open No. 6-11483 reported on
the 10n attachment mass spectrometer.

FIG. 3 shows a conventional 10on attachment mass spec-
trometer, which measures the mass number of an object to be
measured contained 1n a sample by heating a solid sample or
a liquad sample.

In FIG. 3, an emaitter/ionization chamber 100 in which an
emitter 107 1s disposed and a sample vaporizing chamber 101
in which a sample 1035 1s disposed are arranged in a {first
chamber 130, and a mass spectrometer 160 1s arranged 1n a
second chamber 140. The pressure in the first and second
chambers 130 and 140 1s reduced by a vacuum pump 150.
Accordingly, all of the emitter 107, emitter/ionization cham-
ber 100, sample vaporizing chamber 101 and mass spectrom-
cter 160 exist 1n an atmosphere of reduced pressure lower
than atmospheric pressure (in vacuum).
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The emitter 107 constituted of alumina silicate containing,
an oxide of an alkali metal such as lithium 1s heated to gen-
erate a metal 1on 108 having a positive charge such as Li~.
That 1s, the emitter 107 1s a sintered body 1n which an oxide,
a carbonate or a salt of an alkali metal (such as Li) 1s incor-
porated 1nto alumina silicate (a eutectic body of aluminum
oxide and silicon oxide). When the emitter 1s heated to about
600° C. to 800° C. 1n an atmosphere of reduced pressure, it
generates a positively charged alkali metal 10n (the metal 10n
108) such as Li™ from the surface thereof.

The sample vaporizing chamber 101 1s connected to the
emitter/1onization chamber 100.

To the sample vaporizing chamber 101, a solid sample or a
liguid sample (hereinaiter, referred to as a sohd/liquid
sample) 1s inserted with a probe (not shown) from the outside,
and a solid/liquid sample 105 disposed at the tip of the probe
1s heated with a heater (not shown). The solid/liquid sample
105 1s vaporized (gasified), and, into the inside of the sample
vaporizing chamber 101, a neutral gaseous molecule 106 of

the solid/liquid sample 105 1s discharged as a gas to be
detected and introduced into the emitter/ionization chamber
100.

Consequently, neutral gaseous molecules 106 are 1onized
in the emitter/ionization chamber 100 to become 10ns.

Eventually, generated 1ons are given force from an electric
field and are transmitted from the emitter/1onization chamber
100 to a mass spectrometer 160. Ions are fractionated depend-
ing on mass by the mass spectrometer 160 and detected.

Here, the metal 1on 108 attaches to the neutral gaseous
molecule 106 at a position where unevenness of charge exists,
and a molecule to which the metal ion 108 1s attached (an
ion-attached molecule 109) becomes an 1on having a positive
charge as a whole. Since the attachment energy (energy for
the attachment, which becomes an excess energy aiter the
attachment) 1s very small, the neutral gaseous molecule 106
does not disintegrate and thus, the 1on-attached molecule 109
becomes an 1omized molecular 1on while maintaining the
original molecular shape.

However, after the attachment of the metal 1on 108 to the
neutral gaseous molecule 106, 1f the 1on-attached molecule
109 1s left as 1t 1s (kept 1n the state of holding the excess
energy ), the excess energy cuts the bond between the metal
ion 108 and the neutral gaseous molecule 106. Then, the
metal 1on 108 1s separated from the neutral gaseous molecule
106, which returns to the original neutral gaseous molecule
106. Therefore, such gas as N, (nitrogen) 1s introduced from
a gas cylinder into the emitter/ionization chamber 100 up to a
pressure ol about 50 to 100 Pa to allow the gas molecule to
collide frequently with the 1on-attached molecule 109. As the
result, the excess energy held by the 1on-attached molecule
109 is transierred to the gas molecule to make the 10on-at-
tached molecule 109 stable.

The gas also has another function. That 1s, the gas 1s pro-
vided with such important function in the 1on attachment
process as decelerating the metal 1on 108 emitted from the
emitter 107 by the collision against itself to allow the easy
attachment of the 1on to the neutral gaseous molecule 106.
The gas 1s referred to as the third body gas.

As a property necessary for the third body gas, there 1s such
condition that the gas has to have a low attachment energy. If
the third body gas has a great attachment energy and high
sensitivity, the metal 1on 108 that 1s limited 1n the generation
amount attaches to the third body gas that exists 1n a large
amount and 1s consumed, to thereby reduce the percentage of
the attachment to the essential object to be measured (to lower
the sensitivity). As shown 1n FIG. 3, the third body gas cyl-
inder 170 1s connected to the emitter/1onization chamber 100
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via a laying pipe so that N, can be introduced into the emitter/
ionization chamber 100 as the third body gas.

Incidentally, when an organic gas sample was used as the
sample, a long measurement time occasionally led to the
gradual decrease (on a week-by-week basis) in the generation
amount (emission amount) of the metal 10n from the ematter.
Regarding the phenomenon that atfects greatly the sensitivity
and accuracy in the measurement, Japanese Patent Applica-
tion Laid-Open No. 2002-170518 concludes that the decrease
in the emission amount 1s caused by a gradual covering of the
emitter surface with carbon or a high-molecular-weight
organic compound. Under the recogmition, Japanese Patent
Application Laid-Open No. 2002-170518 discloses an inven-
tion in which the emission amount of the metal 10n 1s secured
by supplying an active gas for removing the organic com-
pound on the emitter surface along with the third body gas to
the 1oni1zation region, 1n a configuration using an organic gas
sample.

On the other hand, there was a time when the emission
amount from the emitter decreased even when the sample was
a solid sample or a liquid sample (hereinatfter, also referred to
as a “solid/liquid sample”). For example, when the sample
was resin (plastic), and when an object to be measured con-
tained 1n the resin such as a “resin additive™ added for improv-
ing various properties (such as flame resistance or flexibility)
of the resin was intended to be measured, the emission
amount of the metal 1on from the emitter decreased during the
measurement. However, 1n this case, such a phenomenon was
found that the emission amount decreases during the heating
of the sample, but that, aiter the completion of the heating, the
emission amount gradually (on a second-by-second basis)
increases and it largely returns to the 1nitial emission amount
in several ten minutes. The phenomenon can not be explained
by the reason for the gas sample that 1t 1s caused by the ematter
being covered with an organic compound, as described 1n the
Japanese Patent Application Laid-Open No. 2002-170518.

The decrease 1in the emission amount causes the degrada-
tion of the detection lower limit, and particularly, the varia-
tion of the emission amount on a second-by-second basis 1s
serious, which significantly degrades the quantitative accu-
racy to thereby halve the value as the mass spectrometer.

SUMMARY OF THE INVENTION

Objects of the present invention are to provide 10n attach-
ment mass spectrometry capable of maintaining a stable
emission amount from an emitter even when performing 1on
attachment mass analysis using a solid sample or a liquid
sample which emits a reducing gas by heating, and to provide
an 1on attachment mass spectrometer suitable for it.

The present inventor has intensively studied on the reason
for the reduction in the emission amount to obtain the follow-
ing knowledge.

As the measuring method of a “resin additive™, generally
the resin itself as a solid sample 1s not vaporized but 1s only
softened, and only the highly-volatile “resin additive™ con-
tained as an additive 1s vaporized to be emitted. In order to
measure a minute quantity of “resin additive”, it 1s necessary
to charge a large amount of a resin sample mto a sample
vaporizing chamber, and therefore, 1f even a large amount of
resin 1s vaporized in the state, the contamination of an appa-

ratus (particularly, the contamination of the emuitter)
progresses. As an example of specific measurement condi-
tions, a sample 1s heated at about 300° C., that 1s, a tempera-
ture at which the “resin additive™ 1s vaporized, but a tempera-
ture that 1s slightly lower than the wvaporization
(decomposition) temperature of the resin, and the tempera-
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ture 1s held until the “resin additive” 1s vaporized and the
emission thereof 1s completed.

There 1s a case where, by holding the resin at a temperature
lower than the decomposition temperature (vaporization tem-
perature) thereot, the covering of the emitter surface with
organic carbons generated by the decomposition of the resin
can be prevented or reduced, but gas contained in the resin or
an unpolymerized component contained 1n the resin 1s emit-
ted 1n a large amount. Most of the emitted gas 1s areducing gas
containing a H (hydrogen) atom.

In order to enable a neutral atom (an alkali metal atom)
contained inside the emitter to be emitted from the surface as
an 1on (an alkali metal 10n), an electron 1s required to be taken
away Ifrom the atom at the surface, and 1t 1s considered that,
tfor this, indispensably the surface 1s suiliciently oxidized (has
an oxidized surface) so as to give a high work function.

The present inventor has presumed that the decrease 1n the
emission amount from the emitter even when the sample was
a solid/liquid sample was caused by the contact of a reducing
gas emitted from a solid sample or a liquid sample such as
resin to the emitter to weaken the oxidation degree of the
emitter surface and to thereby decrease the emission amount,
and has achieved the present invention.

The present invention 1s a method for mass spectrometry
comprising heating a solid sample or a liquid sample to gasity
an object to be measured contained 1n the solid sample or the
liquid sample and to form a neutral gaseous molecule, and
attaching a metal 10n emitted from an emitter with an oxidized
surface to the neutral gaseous molecule to 1oni1ze the neutral
gaseous molecule, thereby performing mass analysis,
wherein: the solid sample or the liquid sample 1s a sample that
emits a reducing gas by heating, and the heating for gasitying
the objectto be measured 1s performed at a temperature which
1s lower than the vaporization temperature of the solid sample
or the liquid sample and is not less than the vaporization
temperature of the object to be measured, and an oxidizing
gas 1s provided to the emitter.

In addition, the present invention 1s a mass spectrometer
characterized by being provided with an emaitter chamber
having an emitter with an oxidized surface, and an oxidizing
gas-introducing means for mtroducing an oxidizing gas; an
ionizing chamber disposed adjacent to the emitter chamber
and separated from the emitter chamber with a partition wall
having an opening; and a sample vaporizing chamber for
heating a solid sample or a liquid sample to gasity an object to
be measured contained i1n the solid sample or the liquid
sample to form a neutral gaseous molecule, the sample vapor-
1zing chamber being constituted so as to introduce the neutral
gaseous molecule into the 1onizing chamber, wherein the
neutral gaseous molecule 1s transported to the 10nizing cham-
ber, and a metal 10n emitted from the emaitter 1s attached to the
neutral gaseous molecule 1n the 10n1zing chamber.

According to the present invention, 1t 1s possible to provide
1ion attachment mass spectrometry and an apparatus, capable
of maintaining a stable emission amount even for a sample

emitting a reducing gas or a sample contaiming a reducing gas,
and excellent 1n quantitative accuracy along with various

merits based on fragment-iree.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of an example of a mass spec-
trometer used for mass spectrometry of the present mnvention.

FIG. 2 1s a schematic view of another example of a mass
spectrometer used for mass spectrometry of the invention.
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FIG. 3 1s a schematic view showing the constitution of a
conventional mass spectrometer.

DESCRIPTION OF THE EMBODIMENTS

Hereinafter, favorable embodiments of the present mven-
tion will be explained based on Examples using drawings.
Meanwhile, 1n drawings explained below, members having
the same function are denoted by the same reference numeral,
and repeated explanation thereof 1s omitted. 10

First Example

FIG. 1 shows an example of an 10on attachment mass spec-
trometer used for the 10n attachment mass spectrometry of a 15
first Example according to the present invention. The ematter/
ionization chamber 100 i which the emitter 107 1s located
and the sample vaporizing chamber 101 1n which the solid/
liquid sample 105 i1s located are arranged 1n the first chamber
130. The mass spectrometer 160 1s arranged in the second 20
chamber 140. The pressure of the first and second chambers
130 and 140 1s reduced by the vacuum pump 150. The emitter
107 1s a sintered body formed by incorporating an oxide,
carbonate or salt of an alkali metal into alumina silicate, and
generates an alkali metal 1on (the metal 1on 108) from the 25
surface thereof when being heated with an emitter-heating
means (not shown) such as a heater to around 600° C. to 800°
C. 1n an reduced-pressure atmosphere.

In the Example, the solid/liquid sample 105 contains a
“resin additive,” and a heater (not shown) being a sample- 30
heating means 1s arranged 1n the sample vaporizing chamber
101, which heats the solid/liquid sample 105. By the control
of a not shown control device, the heater heats the solid/liquid
sample 105 at a temperature that 1s lower than the vaporiza-
tion temperature of the solid/liquid sample 105 and 1s not less 35
than the vaporization temperature of the “resin additive” con-
tained 1n the solid/liquid sample 105. Then, the solid/liquid
sample 1035 1tself that 1s heated by a heater being a heating
means 1n the sample vaporizing chamber 101 1s hardly vapor-
1zed, but the “resin additive™ 1s vaporized, and the vaporized 40
“resin additive” becomes the neutral gaseous molecule (gas)
106. At this time, since the solid/liquid sample 105 1s heated
at a temperature lower than the vaporization temperature of
the solid/liquid sample 105, the vaporization of the solid/
liguid sample 105 hardly occurs. But, 1n some cases, depend- 45
ing on the heating temperature, the solid/liquid sample 105 1s
also slightly vaporized. At this time, the neutral gaseous mol-
ecule 106 slightly includes the vaporized solid/liquid sample
105, but 1t can be said that the most of the neutral gaseous
molecule 106 1s occupied by the vaporized “resin additive”. 50

The generated neutral gaseous molecule 106 moves in the
direction of the emitter/1onization chamber and 1s introduced
into the emitter/ionization chamber 100, and there, the mol-
ecule 1s attached to the metal 10n 108 and 10nized to thereby
become a molecular 1on. Eventually, the molecular 1on 1s 55
transported from the emitter/ionization chamber 100 to the
mass spectrometer 160, and molecular 1ons are fractionated
and measured for each mass by the mass spectrometer 160.

In the Example, the solid/liquid sample 1s a resin (plastic)
sample, and the “resin additive” contained in the resin 1s 60
measured. Specifically, in the Example, as the resin, acryloni-
trile-butadiene-styrene (ABS) resin was used, and, as the
“resin additive” being an object to be measured, a flame
retardant such as polybromodiphenyl ether (PBDE) was ana-
lyzed. 65

In the Example, for the emitter/ionization chamber 100, an
introducing port 172 for introducing gas 1s provided. To the

6

emitter/ionization chamber 100, as the third body gas, O,
(oxygen) being an oxidizing gas 1s introduced from an O, gas
cylinder 171 connected to the itroducing port 172 with an
introducing pipe. That 1s, O, as the oxidizing gas, which 1s
supplied from the O, gas cylinder 171, 1s provided to the
emitter/1onization chamber 100 via the introducing port 172.
The third body gas 1s preferably introduced so that the 1on
emitter chamber 100 has a pressure of 50 Pa to 100 Pa.

In the Example, as described above, the heating was per-
formed so as to give a temperature not less than the vaporiza-
tion temperature of the “resin additive” by a heater being the
sample heating means. The heating temperature was not less
than a temperature at which a reducing gas was emitted from
the resin. The heating was performed up to a temperature
slightly lower than the decomposition temperature (vaporiza-
tion temperature) of the resin, at which the temperature was
maintained constant. During the heating, the third body gas
being the oxidizing gas was kept supplied.

As the result, even 1n the middle of heating the solid/liquid
sample 105 1n the sample vaporizing chamber 101, the
decrease in the emission amount was generally solved to
allow a constantly stable emission amount to be maintained.
This 1s attributed to the recovery of the oxidation degree of the
surface of the emitter 107, whose oxidation degree has been
diminished by a reducing gas that generates from the resin
being the solid/liquid sample 105 and contains a H (hydro-
gen) atom, by giving an oxidizing gas O, as the third body
gas.

In the 1onization method disclosed in Japanese Patent
Application Laid-Open No. 2002-170518, a sample gas 1s
supplied to the emitter/1onization chamber as a gas sample. At
this time, when the gas sample 1s an organmic gas sample,
occasionally carbon or an organic compound of the gas
sample attaches to the emitter surface to thereby lower the
emission ability of the emitter. In Japanese Patent Application
Laid-Open No. 2002-170518, 1n order to recover the emission
ability, the inside of the emitter/ionization chamber 1s set to a
temperature and pressure at which an active gas reacts with
the attached carbon or an organic compound to remove the
attached material, the active gas 1s introduced into the emitter/
ionization chamber, and the emitter 1s heated. Consequently,
the supplied active gas reacts with carbon or an organic com-
pound attached and accumulated onto the emitter surface to
remove the attached material.

In contrast, in the Example, as the sample, a solid or liquad
sample (a solid/liquid sample) 1s used, and as the object to be
measured, a “resin additive” contained in the solid/liquid
sample 1s targeted. Accordingly, the sample that 1s a genera-
tion source of the neutral gaseous molecule and 1s arranged at
the sample vaporizing chamber 101 1s the solid/liquid sample
105 being a solid or liquid sample, and the solid/liquid sample
105 1s heated so as to vaporize preferably only the “resin
additive” contained 1n the solid/liquid sample 105 to generate
the neutral gaseous molecule 106. That 1s, the solid/liquid
sample 103 1s heated at a temperature that 1s lower than the
vaporization temperature of the solid/liquid sample 105 and 1s
not less than the vaporization temperature of the “resin addi-
tive” contained 1n the sample.

Since the amount of the “resin additive” contained 1n the
solid/liquid sample 105 1s smaller than that of the solid/liquid
sample 1035, the amount of the vaporized “resin additive”
contained 1n the neutral gaseous molecule 106 1s also very
small. Accordingly, even if the “resin additive™ 1s an organic
compound, and the neutral gaseous molecule 106 arrives at
the surface of the emitter 107, since the amount of the “resin
additive” having been vaporized 1s small, the amount of car-
bon or an organic compound, which 1s derived from the resin
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additive, attached to the surface of the emitter 107 1s also very
small. On the other hand, 1n the Example, the heating tem-
perature 1s controlled so that the solid/liquid sample 105
occupying most percentage of the sample 1s not vaporized.
Accordingly, even when an organic compound 1s used as the
solid/liquid sample 105, it 1s possible to reduce the attach-
ment and accumulation of the carbon or organic compound
derived from the solid/liquid sample 105 to the surface of the
emitter 107. Consequently, in the Example, the amount of the
carbon or organic compound that attaches and accumulates
on the surface of the emitter 107 can be reduced, and the
emission ability of the emitter 107 can be maintained without
using an active gas, differently from the invention disclosed in
Japanese Patent Application Laid-Open No. 2002-170518.

As described above, the Example 1s based on the premise
that a gas sample 1s not used differently from the invention
disclosed 1n Japanese Patent Application Laid-Open No.
2002-170518 but a solid/liquid sample 1s used, and that fur-
ther, a “resin additive” contained in the solid/liquid sample 1s
measured. Therefore, the heating temperature of the solid/
liquid sample being the generation source of the object to be
measured (the resin additive) 1s set to a temperature that 1s not
less than the vaporization temperature of the object to be
measured and 1s lower than the vaporization temperature of
the solid/liquid sample. This makes 1t possible to reduce the
contamination of the emitter surface caused by carbon or an
organic compound.

However, when the solid/liquid sample 1s used, there 1s a
problem of the reducing gas, as described above. The problem
of the reducing gas 1s a problem that 1s peculiar to a form 1n
which the solid/liquid sample 1s used, and that does not exist
in the case where a gas sample 1s used as the mvention dis-
closed in Japanese Patent Application Laid-Open No. 2002-
1°70518. That 1s, in the Example, when heating the solid/
liguad sample 105, such a reducing gas as hydrogen 1is
occasionally emitted from the resin being the solid/liquid
sample 105, and the reducing gas occasionally lower the
oxidation degree of the oxidized surface of the emitter 107 to
thereby cause the lowering of the emission amount. There-
fore, even 11 the attachment of the contaminant (carbon or an
organic compound) to the surface of the emitter 107 can be
reduced, the reduction of the oxidation degree of the surface
of the emitter 107 leads to the lowering of the emission ability
of the emaitter 107.

In the Example, in order to suppress the lowering of the
emission amount caused by the reducing gas, an oxidizing gas
such as oxygen 1s provided to the emitter 107 as the third body
gas. Since the provided oxidizing gas recovers the lowered
oxidation degree of the surface of the emitter 107, 1t 15 pos-
sible to keep the oxidized surface of the emitter 107 in a good
condition, and to suppress the lowering of the emission ability
of the emitter 107.

As can be understood from above, 1 the Example, the
heating temperature of the solid/liquid sample 105 is set so as
to be lower than the vaporization temperature of the solid/
liquid sample 105 and not less than the vaporization tempera-
ture of the “resin additive,” and further, an oxidizing gas 1s
used as the third body gas. Therefore, even 1f a reducing gas
1s generated, the oxidation degree of the oxidized surface of
the ematter 107 can appropriately be maintained while reduc-
ing the contamination on the surface of the emitter 107 caused
by the sample.

As described above, 1n the Example, while being based on
the premise that the “resin additive” contained 1n the solid/
liquid sample 105 being a sample 1s measured, the use of the
solid/liquid sample 1035 as a sample and the setting of the
heating temperature of the solid/liquid sample 105 to a tem-
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perature lower than the vaporization temperature of the solid/
liquid sample 105 and not less than the vaporization tempera-
ture of the “resin additive,” and the use of an oxidizing gas as
the third body gas are inseparably connected 1n order to obtain
the special effect of the Example. That 1s, even when the
attachment of a contaminant to the emitter surface may be
reduced by setting the heating temperature of the solid/liquid
sample used as a sample to a temperature lower than the
vaporization temperature of the solid/liquid sample and not
less than the vaporization temperature of the “resin additive,”
in the case where a reducing gas 1s emitted from the solid/
liquid sample, the reducing gas reduces the oxidation degree
of the emitter surface. However, by giving an oxidizing gas to
the emitter as the third body gas, 1t 1s possible to recover the
lowered oxidation degree and to suppress the lowering of the
emission ability of the emutter.

Meanwhile, 1n the Example, the heating of the “resin addi-
tive” being the object to be measured 1s set so as to be not less
than the emission temperature at which the reducing gas 1s
emitted from the solid/liquid sample 105, but 1t may be lower
than the emission temperature. In the Example, it 1s not
important to cause a reducing gas to be emitted from the
solid/liquid sample 105, but 1t 1s important to suppress the
lowering of the 1on emission ability of the emitter 107 even
when the reducing gas 1s emitted from the solid/liquid sample
105. That 1s, in the Example, 1t 1s important, when using a
liquid/solid sample that may emit a reducing gas depending
on the situation, to recover the oxidation degree of the surface
of the emitter 107, which has been lowered by the reducing
gas, by giving an oxidizing gas to the emitter as the third body
gas even when the reducing gas 1s emitted. Consequently,
causing a reducing gas to be emitted from the solid/liquid
sample 105 1s not an indispensable condition.

As the third body gas, conventionally, inert nitrogen gas or
argon gas was generally used, but, 1n the Example, oxygen
being an oxidizing gas was used as the third body gas. The use
of oxygen gas as the third body gas resulted in no problem 1n
the analysis basically. This 1s attributed to the fact that the
attachment energy of oxygen gas with the metal 10n 15 0.8 ¢V
or less. That 1s, when the attachment energy 1s 0.8 €V or less,
the metal 1on 108 does not attach to the third body gas that
ex1sts 1n a large amount and 1s not consumed, and does not
reduce the percentage of the attachment to the neutral gaseous
molecule to be measured (lowering of sensitivity).

The oxidizing gas 1s a gas that accelerates the oxidation of
a solid surface such as the emitter surface, including, for
example, oxygen (O, ), ozone (O, ) and carbon dioxide (CO.,,).
As each of these has an attachment energy of 0.8 €V or less
with the metal 10n, 1t can be used preferably. The attachment
energy 1s 0.8 eV for carbon dioxide, 0.7 €V for ozone and 0.5
eV for oxygen. But, as described later, one that has an attach-
ment energy of greater than 0.8 eV can be used as the oxidiz-
ing gas by controlling the content.

The attachment energy mainly depends on the magnitude
of the polarity of a neutral gaseous molecule, and the attach-
ment energy value of each molecule 1s obtained from experi-
ments or theories. The attachment energy value 1s derived
from the temperature dependency of the attachment effi-
ciency in the experiment, and from computer simulation
based on the quantum theory 1n the calculation.

Meanwhile, regarding the use for a long period of time,
depending on the material of a component, the component
may be oxidized to cause the degradation. Therefore, regard-
ing components which are contacted with the oxidizing gas
and heated, the use of an oxidation-resistant material or the
coating with an oxidation-resistant material as much as pos-
sible 1s preferable for the apparatus.
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In the Example, a gas of 100% O, was used as the third
body gas, but the change of the type of gas 1s also possible as

follows.

As a first example, a gas of 100% dry air with a H,O
content of 1% or less can be used. The dry air has such
advantage that 1t can be generated from air with a simple
machine without using a cylinder and 1s 1nexpensive even
when the cylinder 1s used. The dry air has a low O, content
ratio of 1/5, but, regarding the reduction of the emission
amount, the same eflect as that described above was obtained.
But, as H,O has a considerably high attachment energy of 1.5
eV, the content must be set to 1% or less 1n order not to lower
the sensitivity for the object to be measured 1n a sample.

As a second example, a gas of 100% O, (0zone), or a gas of
100% CO, (carbon dioxide) can be used. Each of these gases
has an attachment energy of 0.8 €V or less and thus, does not
lower the sensitivity for the object to be measured.

As a third example, other single component gasses of a
100% oxidizing gas having an attachment energy o1 0.8 eV or
less can be used.

As a fourth example, a mixed gas of at least two kinds
selected from oxygen (O,), ozone (O;) and carbon dioxide
(CO,), and a mixed gas of at least one kind selected from
oxygen (O,), ozone (O;) and carbon dioxide (CO,) and
another gas, the mixed gas having an attachment energy (an
average value) o 0.8 eV, can be used.

Meanwhile, 1n the above Example, the measurement
example of resin was used for the explanation, but as the
sample, the present invention 1s elfective for solid/liquid
samples emitting a reducing gas that weakens the oxidation
degree of the surface of the emitter 107 by heating, 1n addition
to resin. Examples of solid/liquid samples emitting the reduc-
ing gas by heating include wood, cloth (natural or artificial),
rubber (natural or artificial), building materials, oils, and the
like. As a resin emitting the reducing gas by heating, 1n
addition to ABS or PVC, polypropvlene (PP), polystyrene
(PS), polyethylene terephthalate (PET), low density polyeth-
ylene (LDPE), high density polyethylene (HDPE), polycar-
bonate, polyamide, polybutylene terephthalate, polyoxym-
cthylene or modified polyphenylene ether may be used.

The reducing gas means a gas that accelerates the reduc-
tion, that 1s, reduces the oxidation degree of a solid surface
such as the emitter surface, and contains a large amount of H
in at least a molecule of the gas component.

Second Example

The present Example also uses a resin (plastic) sample as
the solid/liquid sample, and aims at measuring the “resin
additive” contained 1n the resin. The sample was a solid
sample easily oxidized as compared with that in the first
Example.

Specifically, as the resin, polyvinyl chloride (PVC) resin
was used, and as the “resin additive,” a plasticizer such as
phthalic ester was analyzed.

FIG. 2 shows an outline view of an 1on attachment mass
spectrometer used 1n the Example. In FIG. 2, the same con-
stitutional member as that in FIG. 1 1s denoted by the same
reference numeral.

In the 1on attachment mass spectrometer in FIG. 2, an
ionizing chamber 122 for causing the metal 1on introduced
from the emitter chamber 121 to attach to a neutral gaseous
molecule to thereby 1onize the neutral gaseous molecule 1s
separated from the emitter chamber 121 by a partition wall
120 having an opening portion. In the emitter chamber 121,
the emitter 107 1s arranged, and the 1on1zing chamber 122 1s
constituted so that the neutral gaseous molecule 106 gener-
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ated 1n the sample vaporizing chamber 101 1s introduced nto
the 1onmizing chamber 122, and 1s connected to the sample
vaporizing chamber 101. In the sample vaporizing chamber
101, the solid/liquid sample 105 1s heated at a temperature
lower than the vaporization temperature of the solid/liquid
sample 105 and not less than the vaporization temperature of
the “resin additive” contained in the solid/liquid sample 105,
by a heater as a sample heating means. In the solid/liquid
sample 105 thus heated, the “resin additive™ 1s vaporized to
thereby become the neutral gaseous molecule (gas) 106. The
emitter chamber 121 1s provided with a introducing port 172
for introducing the oxidizing gas, through which O, (oxygen)
from an O, gas cylinder 171 is introduced into the emitter
chamber 121 as a part of the third body gas.

To the sample vaporizing chamber 101, an N, gas cylinder
170, which works as a gas-introducing means for positively
transporting the neutral gaseous molecule (gas) obtained by
vaporizing the “resin additive” to the 1onizing chamber 122, 1s
connected. Inthe Example, in the sample vaporizing chamber
101, an introducing port 173 for introducing the gas 1s pro-
vided, and the N, gas cylinder 170 and the introducing port
173 are connected with an introduction pipe. In the constitu-
tion, the 1on attachment mass spectrometer according to the
Example mtroduces N, as a transport gas supplied from the
N, gas cylinder 170 into the sample vaporizing chamber 101
via the introducing port 173.

That 1s, the flow of the transport gas from the sample
vaporizing chamber 101 to the 1onizing chamber 122 1s actu-
alized, and as the transport gas, nitrogen (N,) gas being an
inert gas 1s used. As the result, O, (oxygen) tlowing from the
emitter chamber 121 1nto the 1on1zing chamber 122 1s blocked
by the transport gas and hardly enters the sample vaporizing
chamber 101. Accordingly, even when a sample that 1s easily
influenced by oxygen gas being the oxidizing gas at heating 1s
used as the solid/liquid sample 105, by the use of the appa-
ratus of the Example, the solid/liquid sample 105 1s hardly
influenced by the oxidizing gas. The nitrogen gas being an
inert gas that 1s introduced from the N, gas cylinder 170 also
functions as the third body gas.

Meanwhile, in the Example, the case where the 1nert gas as
the transport gas 1s nitrogen gas 1s explained, but as the inert
gas, such noble gas as argon or helium can also be used. In the
Example, 1t 1s preferable that the solid/liquid sample 105 or
neutral gaseous molecule 106 arranged 1n the sample vapor-
1zing chamber 101 does not react with the transport gas, as
much as possible. Accordingly, the inert gas 1s preferable as
the transport gas that helps the transport ol the neutral gaseous
molecule 106, because 1t 1s chemically stable, and hardly
reacts with the solid/liquid sample. Further, without being
limited to the inert gas, the use of a gas that hardly reacts with
the solid/liquid sample 105 to be arranged as the transport gas
1s also preferable.

As described above, 1n the Example, the emitter chamber
121 and the 1onizing chamber 122 are provided adjacently,
and the emitter chamber 121 and the 1oni1zing chamber 122
are separated with the partition wall 120 having an opening
portion, and the introducing port 172 connected to the O, gas
cylinder 171 1s provided for the emitter chamber 121. Accord-
ingly, the supply of O, as the oxidizing gas, which has been
supplied to the emitter chamber 121 via the introducing port
172, to the 1onmizing chamber 122 side 1s suppressed by the
presence ol the partition wall 120, and O, can be efficiently
provided to the emitter 170 for which the supply of the oxi-
dizing gas 1s intended.

As described above, the partition wall 120 1s provided for
the purpose of suppressing the introduction of the oxidizing
gas 1nto the 1onizing chamber 122, but the metal 10on 108
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generated from the emitter 107 has to be introduced 1nto the
ionizing chamber 122. Accordingly, the partition wall 120 1s
provided with the opening portion. The metal ion 108 1s
introduced from the emitter chamber 121 into the 1onizing
chamber 122 via the opeming portion, and the introduction of
the oxidizing gas from the emitter chamber 121 into the
ionizing chamber 122 1s suppressed by the partition wall 120.

Now, since the opening portion 1s provided for the partition
wall 120, there exists the oxidizing gas that 1s going to be
introduced into the 1omzing chamber 122. Therefore, in the
Example, the N, gas cylinder 170 1s connected to the sample
vaporizing chamber 101 connected to the 1onizing chamber
122 via the introducing port 173, and N, gas as the transport
gas 1s introduced 1nto the sample vaporizing chamber 101, to
thereby form a flow of the transport gas going from the sample
vaporizing chamber 101 to the 1onizing chamber 122.
Accordingly, even when the oxidizing gas 1s introduced 1nto
the 1on1zing chamber 122, since the transport gas flows from
the sample vaporizing chamber 101 1nto the 1onizing chamber
122, no or only a little oxidizing gas 1s introduced into the
sample vaporizing chamber 101. And, by introducing the
transport gas, 1t 1s possible to efficiently introduce the neutral
gaseous molecule 106 generated 1n the sample vaporizing
chamber 101 1nto the 1on1zing chamber 122 along the flow of
the transport gas.

As described above, 1n the Example, since N, as the trans-
port gas 1s 1ntroduced mto the sample vaporizing chamber
101, 1t 1s possible to cause the gas to be flown out of the
sample vaporizing chamber 101 to flow out efficiently, and to
block a gas that 1s not to be tlown 1nto the sample vaporizing
chamber 101.

By using the 10n mass spectrometer of the Example, since
the oxidation of the emitter can be recovered by supplying O,
being the oxidizing gas to the emitter chamber, and the 1mncur-
sion of a sample gas vaporized from a solid sample into the
emitter chamber can be reduced, the effect on the emission
amount becomes larger by a synergistic effect.

In the Examples, the kind of 10n 1s not specified as the metal
ion 108. Specifically, an alkali metal ion such as 1", Na™, K™,
Rb™ or Cs™, and 1n addition, Al*, Ga™, In™ or the like can be
used. As the mass spectrometer, any kind of mass spectrom-
eter may be used, including a Q pole type mass spectrometer
(QMS), an 10n trap type mass spectrometer (I'T), a magnetic
field sector type mass spectrometer (MS), a time-of-flight
type mass spectrometer (TOF), an 10n cyclotron resonance
type mass spectrometer (ICR) and the like.

Further, as the whole structure, a two-room structure con-
stituted of the first chamber provided with the 10on1zing cham-
ber and the second chamber provided with the mass spec-
trometer 1s shown, but the structure 1s not limited to this. The
pressure of the space outside the 10n1zing chamber 1s 0.01 to
0.1 Pa, and, 1n amass spectrometer capable of operating under
the pressure, a one-room structure 1s possible. On the other
hand, mass spectrometers that require an imncomparably low
pressure have a three-room or four-room structure. Generally,
it 1s considered to be suitable that submimature QMS and IT
have a one-room structure, ordinary QMS and MS have a
two-room structure, TOF has a three-room structure, and ICR
has a four-room structure.

The present invention can adapt to the 10n attachment mass
spectrometry and mass spectrometer that measure, 1n a frag-
ment-free state, an object to be measured contained in a
sample that emits a reducing gas, or a sample that contains a
reducing gas.
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What 1s claimed 1s:

1. A method for mass spectrometry comprising heating a
solid sample or a liqud sample to gasily an object to be
measured contained 1n the solid sample or the liquid sample
and to form a neutral gaseous molecule, and attaching a metal
ion emitted from an emitter with an oxidized surface to the
neutral gaseous molecule to 1onize the neutral gaseous mol-
ecule, thereby performing mass analysis,

wherein:

the solid sample or the liquid sample 1s a sample that emaits
a reducing gas by heating,

the heating for gasifying the object to be measured 1s per-
formed at a temperature which 1s lower than the vapor-
1zation temperature of the solid sample or the liquid
sample and 1s not less than the vaporization temperature
of the object to be measured, and

an oxidizing gas 1s supplied to the emaitter by introducing
the oxidizing gas 1nto a chamber 1n which the emitter 1s
located to suppress lowering of an emission ability of the
emitter caused by the reducing gas emitted from the
solid sample or the liquid sample.

2. A method for mass spectrometry according to claim 1,
wherein the oxidizing gas 1s at least one kind selected from
oxygen, ozone and carbon dioxide.

3. A method for mass spectrometry according to claim 1,
wherein the reducing gas contains H (hydrogen).

4. A method for mass spectrometry according to claim 1,
wherein the solid sample 1s a resin.

5. A method for mass spectrometry according to claim 4,
wherein the object to be measured 1s a resin additive con-
tained 1n the resin.

6. A method for mass spectrometry according to claim 1,
wherein a transport gas 1s supplied to a sample vaporizing
chamber for which the solid sample or the liquid sample 1s
arranged to thereby form the flow of the transport gas from the
sample vaporizing chamber to a region where the 1onization
of the neutral gaseous molecule 1s performed.

7. A mass spectrometer comprising:

an emitter chamber having an emitter with an oxidized
surface, the emitter being located 1n the emitter chamber,
and an oxidizing gas-introducing means for supplying
an oxidizing gas to the emitter;

a sample vaporizing chamber adapted to gasity an object to
be measured contained 1n a solid sample or a liquid
sample to thereby be a neutral gaseous molecule; and

an 10mzing chamber adapted to attach a metal 10n emitted
from the emuitter, to the neutral gaseous molecule 1ntro-
duced from the sample vaporizing chamber,

wherein the oxidizing gas-introducing means supplies the
oxidizing gas by introducing the oxidizing gas into the
emitter chamber to suppress the lowering of an emission
ability of the emitter, when the object to be measured 1s
gasified.

8. A mass spectrometer according to claim 7, wherein the
sample vaporizing chamber 1s further provided with a trans-
port gas-introducing means for introducing a transport gas to
with the neutral gaseous molecule to the 10ni1zing chamber.

9. A mass spectrometer according to claim 8, wherein the
transport gas 1s a gas that hardly reacts with a solid sample or
a liquid sample disposed in the sample vaporizing chamber.

10. A mass spectrometer according to claim 8, wherein the
transport gas 1s an 1nert gas.
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